Adsorption properties of hydroxyapatite (HA) for acidic and basic proteins has been recognized to be improved by electrically polarization . In this study, adsorptions of bovine serum albumin and lysozyme to powders of the polarized HA using column chromatography were examined . Based on SEM observation, the morphologies of the polarized HA powders immersed in 0 .01M phosphate buffer solution at pH 7.40 and 6.60 revealed that the dissolution of the powders was negligible for adsorption evaluation. The adsorption abilities of the polarized HA powder were significantly higher than those of non-polarized HA, in the pH ranging from 6.60 to 7.40, regardless of the adsorbate .
INTRODUCTION
Adsorption of proteins onto hydroxyapatite [Ca10(PO4)6(OH)2:HA] is important in a variety of oral biological events. Biological HA is the major constituent of the hard tissues of bone and teeth. HA sintered ceramics have been employed as a biomaterial because of their excellent osteoconductivity [1] . At the same time , HA powder has used as an absorbent for the column chromatography for separation and refinement of proteins and nucleic acids [2, 3] .
The crystal faces of HA have two adsorption sites of positively charged Ca2+ and negatively charged PO43-sites.
On Ca2+ site, acidic proteins and nuclear acids were reported to be adsorbed and on PO43-, basic proteins were adsorbed [4 ,5] .
The polarized HA ceramics accelerated to form, bone like apatite in vitro and newly bone in vivo [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] . Moreover, the polarized HA powder was applied to batch adsorption method for purification and separation of biological molecules , such as bovine serum albumin (BSA) and Lysozyme (LSZ). BSA and LSZ were chosen as the model proteins because they were available in a highly purified homogeneous form , and easily soluble in water and homogeneous. absorption measurement at 280 nm. To clarify the dissolution phenomena of the HA powder , the HA powders in the columns were dissolved by circulating PBS for 3 days , and then, subjected to SEM observation.
RESULTS AND DISCUSSION
The SEM photographs of the HA surfaces were shown in Fig .2 . The surface morphologies of the powder used as a filler for column chromatography with PBS of pH 6.60 and 7.40 were not different from those of the HA powder.
From these results, it was recognized that the HA powder was not affected by pH of buffer. Thus, the powder was not dissolved in buffer.
The optical density curves were shown in Fig.3 . The adsorbed amount of BSA for the non-polarized HA (pH 6.60) was 19.46% (SD=0 .30%) and 27.98% (SD=0.52%) for the polarized HA (pH 7.40). The amount of the adsorbed LSZ for the non-polarized HA (pH 7.40) was 23.61% (SD=0 .67%) and 29.71% (SD=0.73%) for the polarized HA (pH 6.60). The adsorption amounts of polarized HA powder was higher than that of non-polarized HA powder for BSA and LSZ proteins . The amounts of the BSA protein adsorbed by the HA powder was higher at pH 7 .40 than pH 6.60. The amount of the LSZ protein adsorbed by the HA powder was higher at In the column chromatography, the acidic protein molecules adsorbed onto Ca2+ sites of the surface of HA powder. Therefore, phosphate ions in PBS had an Fig.3 Optical densities at 280nm of BSA or LSZ eluted with 1.0M NaCl and PBS (pH 6.60 and pH 7.40) from polarized and non-polarized HA powders after immersion in BSA or LSZ solutions.
inhibitory effect. In contrast, the basic proteins adsorbed onto PO43-sites were subjected to inhibitory adsorption of Na+ and K+ ions . As the results of the interaction, the proteins adsorbed onto the surface of HA powder can be separated and eluted from the surface of the HA powder in the column . In general, it has been known that acidic proteins at pH<6 .80 were negatively electrified due to the dissociation of their carboxyl group (-COOH) in the side chain and that basic proteins at pH>6.80 were positively electrified due to the amino group (-NH2) andguanidinyl group (-NHC(NH)NH2) in the side chains. Consequently, the Ip of BSA was reported to be 4.7-4.9, and the Ip of the LSZ was 11 .2. Base on the Ip values, in this experiment, it was seemed that BSA and LSZ proteins were adsorbed on Ca2+ and PO43-sites of the surface of the HA powder ,respectively.
CONCLUSIONS
The adsorbed amount on the polarized HA powder was larger than that on the non-polarized HA.
The protein adsorption of polarized HA powder was affected by pH of PBS. The adsorption rate for the BSA was higher in the case of pH 7.40 than PH 6.60. In contrast, the adsorption rate for the LSZ was higher in the case of pH 6.60 than pH 7.40.
The adsorption sites of the HA powder was thought to be little changed by the polarization. The adsorbed amounts of the acid and basic proteins derived from serum increased, regardless of molecular weight .
